Cholate-induced dimerization of detergent- or phospholipid-solubilized bovine cytochrome C oxidase.
Bovine heart cytochrome c oxidase (CcO), solubilized by either nonionic detergents or phospholipids, completely dimerizes upon the addition of bile salts, e.g., sodium cholate, sodium deoxycholate, or CHAPS. Bile salt induced dimerization occurs whether dodecyl maltoside, decyl maltoside, or Triton X-100 is the primary solubilizing detergent or the enzyme is dispersed in phosphatidylcholine, phosphatidylethanolamine, or mixtures thereof. In each case, complete CcO dimerization can be verified by sedimentation velocity and sedimentation equilibrium after correction for bound detergent and/or phospholipid. The relative concentration of the bile salt is critical for production of homogeneous, dimeric CcO. For example, enzyme solubilized by 2 mM detergent requires an equal molar concentration of sodium cholate. Similarly, enzyme dispersed in 20 mM phospholipid requires 50 mM sodium cholate, concentrations that are commonly used to reconstitute CcO into small unilamellar vesicles. Bile salts do more than just stabilize dimeric CcO and prevent detergent-induced dissociation into monomers. They are able to completely reverse detergent-induced monomerization and cause completely monomeric CcO to reassociate. Dimeric CcO so generated is no more stable than the original complex and easily dissociates into monomers if the bile salt is removed. The dimerization process is dependent upon a full complement of subunits; e.g., if subunits VIa and VIb are removed, the resulting monomeric CcO will not reassociate upon the addition of sodium cholate. These results support four important consequences: (1) dissociation of dimeric CcO into monomers is reversible; (2) stable dimers can be produced under solution conditions; (3) dimers can be stabilized even at relatively high pH and low enzyme concentration; and (4) subunits VIa and VIb are required for dimerization.